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x\lthough  the  caudate  uerve-vesicles,  or  cells  existing  in  the  spinal  cord, 
medulla  oblongata,  and  in  many  parts  of  the  brain,  have  been  described 
by  the  most  distinguished  modern  anatomists,  there  yet  remains  much  to 
be  ascertained  with  reference  to  their  internal  structure,  connexions,  and 
mode  of  development.  In  this  paper  I propose  to  describe  some  points  of 
interest  in  connexion  with  their  structure.  In  the  first  place,  however,  I 
would  remark  that  there  are  neither  ‘ cells  ’ nor  ‘ vesicles  ’ in  the  ordinary 
acceptation  of  these  words,  for  there  is  no  proper  investing  membrane, 
neither  are  there  ‘ cell- content  s’  as  distinguished  from  the  membrane  or 
capsule ; in  fact  the  so-called  cell  consists  of  soft  solid  matter  throughout. 
The  nerve-fibres  are  not  prolonged  from  the  nucleus  or  from  the  outer  part 
of  the  cell,  but  they  are  continuous  with  the  very  material  of  which  the 
substance  of  the  ‘ cell  ’ itself  is  composed,  and  they  are,  chemically  speaking, 
of  the  same  nature.  So  that  in  these  caudate  cells  we  have  but  to  recog- 
nize the  so-called  ‘nucleus'  {germinal  matter')  and  matter  around  this 
{formed  material)  which  passes  into  the  ‘fibres,’  which  diverge  in  various 
directions  from  the  cell : see  Plate  III.  (fig.  1). 

At  the  outer  part  ef  many  of  these  ‘ cells,’  usually  collected  together  in 
one  mass,  are  a number  of  granules.  These  are  not  usually  seen  in  the 
young  cells,  and  they  probably  result  from  changes  taking  place  in  the 
matter  of  which  the  substance  of  the  cell  is  composed.  But  it  is  not  pro- 
y osed  to  discuss  this  question  in  the  present  paper. 

My  special  object  in  this  communication  is  to  direct  attention  to  a pecu- 
liar appearance  I have  observed  in  these  cells,  which  enables  me  to  draw 
some  very  important  inferences  with  reference  to  the  connexions  and  action 
of  these  very  elaborate  and  most  important  elements  of  the  nervous 
mechanism. 

In  some  very  thin  sections  of  the  cord  and  medulla  oblongata  of  a young 
dog,  which  had  been  very  slowly  acted  upon  by  dilute  acetic  acid,  the  ap- 
j)caranccs  represented  in  Plate  III.  (fig.  1)  were  observed.  Subsequently, 
similar  appearances,  though  not  so  distinct,  have  been  demonstrated  in  the 
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caudate  nerve-vesicles  of  the  grey  matter  of  the  brain  of  the  dog  and  cat, 
as  well  as  of  the  human  subject.  I have  no  doubt  that  the  arrangement  is 
constant,  and  examination  of  my  specimens  will  probably  satisfy  observers 
that  the  appearance  is  not  accidental.  Each  fibre  (a,  a,  a)  passing  from 
the  cell  exhibits  in  its  substance  several  lines  of  granules.  The  appearance 
is  as  if  the  fibre  were  composed  of  several  very  fine  fibres  imbedded  in  a 
soft  transparent  matrix,  which  fibres,  by  being  stretched,  had  been  broken 
transversely  at  very  short  intervals.  At  the  point  where  each  large  fibre 
spreads  out  to  form  the  body  of  the  cell,  these  lines  diverge  from  one 
another  and  pursue  different  courses  through  the  very  substance  of  the  cell, 
in  front  of,  and  behind,  in  fact  around  the  nucleus.  Lines  can  be  traced 
from  each  fibre  across  the  cell  into  every  other  fibre  which  passes  away  from 
it.  The  actual  appearance  is  represented  in  Plate  III. ; and  in  the  diagram, 
fig.  2,  a plan  of  a ‘ cell,’  showing  the  course  of  a few  of  the  most  important 
of  these  lines  which  traverse  its  substance,  is  given. 

I do  not  conceive  that  these  lines  represent  fibres  structurally  distinct 
from  one  another,  but  I consider  the  appearance  is  due  to  some  difference 
in  composition  of  the  material  forming  the  substance  of  the  cell  in  these 
particular  lines  ; and  it  seems  to  me  that  the  course  which  the  lines  take 
permits  of  but  one  explanation  of  the  appearance.  Supposing  nerve-cur- 
rents to  be  passing  along  the  fibres  through  the  substance  of  the  cell. 


Fig.  2. 


A diagram  of  such  a cell  as  that  represented  in  Plate  III.  (fig.  1),  showing  tlie  prui- 
cipal  lines  diverging  from  the  fibres  at  tlie  point  wiiere  they  become  continuous  witli 
the  substance  of  the  cell.  These  lines  may  be  traced  from  one  fibre  across  the  cell, 
and  may  be  followed  into  every  other  fibre  whicli  proceeds  from  the  ceU. 

they  would  follow  the  exact  lines  here  represented ; and  it  must  be  noticed 
that  these  lines  are  more  distinct  and  more  numerous  in  fully-formed  than 
in  young  cells.  They  are,  I think,  lines  which  result  from  the  freejuent 
passage  of  nervc-currents  in  these  definite  directions. 
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Now  I have  already  advanced  arguments  in  favour  of  the  existence  of 
complete  nervous  circuits,  based  upon  new  facts  resulting  from  observations 
upon  a,  the  peripheral  arrangement  of  the  nerves  in  various  tissues*  ; b, 
the  course  of  individual  fibres  in  compound  trunks,  and  the  mode  of 
branching  and  division  of  nerve-fibres  f ; and  c,  the  structure  of  ganglion- 
cells  I venture  to  consider  these  lines  across  the  substance  of  the  cau- 
date nerve-cells  as  another  remarkable  fact  in  favour  of  the  existence  of 
such  circuits ; for  while  the  appearance  would  receive  a full  and  satisfactory 
explanation  upon  such  an  hypothesis,  I doubt  if  it  be  possible  to  suggest 
another  explanation  which  would  seem  even  plausible. 

Nor  would  it,  I think,  be  possible  to  adduce  any  arguments  which  would 
so  completely  upset  the  view  that  nerve-force  passes  centrifugally  from  one 


Fig.  3. 


Diagram  to  show  the  possible  relation  to  one  another  of  various  circuits  traversing 
: a single  caudate  nerve-cell,  a may  be  a circuit  connecting  a peripheral  sensitive  sm’- 
1 face  with  the  cell ; h may  be  the  path  of  a motor  impulse ; c and  d other  circuits 
jjpassing  to  other  cells  or  other  peripheral  parts.  A current  passing  along  the  fibre  a 
imight  induce  currents  in  the  three  other  fibres,  b,  c,  d,  which  traverse  the  same  cell. 

■ cell,  as  from  a centre,  towards  its  peripheral  destination,  as  this  fact.  So 
t far  from  the  fibres  radiating  from  one  cell,  or  from  the  nucleus  as  some 
►■suppose,  in  different  directions,  all  the  fibres  which  reac)i  the  cell  are  com- 
plex, and  contain  lines  which  pass  uninterruptedly  through  it  into  other 
V fibres.  Instead  of  the  cell  being  the  point  from  which  nerve-currents 
r radiate  in  different  directions  along  single  fibres,  it  is  the  common  point 
k fvhere  a number  of  circuits  having  the  most  different  distribution  intersect, 

I * Papers  in  the  Phil.  Trans,  for  1860  and  1862.  Lectures  on  the  Structure  ol  the 
I tissues,  at  the  College  of  Physicians,  1860. 

I t “ On  very  fine  Nerve-fibres,  and  on  Trunks  composed  of  very  fine  Fibres  alone,”  Ar- 
I hives  of  Medicine,  vol.  iv.  p.  19.  “ On  the  Branching  of  Nerve-trunks,  and  of  the  sub- 
I livision  of  the  individual  fibres  composing  them,”  Archives,  vol.  iv.  p.  127. 

I 1 Lectures  at  the  College  of  Physicians.  Papers  in  Phil.  Trans,  for  1862  and  1863. 
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cross,  or  decussate.  The  so-called  cell  is  a part  of  a circuit,  or  rather  of 
a great  number  of  different  circuits. 

I conclude  that  at  first  the  formed  material  of  the  cell  is  quite  soft  and 
almost  homogeneous,  hut  that  as  currents  traverse  it  in  certain  definite 
lines,  difference  in  texture  and  composition  is  produced  in  these  lines,  and 
perhaps  after  a time  they  become  more  or  less  separated  from  one  another, 
and  insulated  by  the  intervening  material. 

It  may  perhaps  be  carrying  speculation  upon  the  meaning  of  minute 
anatomical  facts  too  far  to  suggest  that  a nerve-current  traversing  one  of 
these  numerous  paths  or  channels  through  the  cell  may  influence  all  the 
lines  running  more  or  less  parallel  to  it  (fig.  3). 

I have  ascertained  that  fibres  emanating  from  different  caudate  nerve- 
cells  situated  at  a distance  from  one  another  (fig.  4,  a,  a)  at  length  meet 
and  run  on  together  as  a compound  fibre  {b,  b,  b),  so  that  I am  compelled 
to  conclude  (and  the  inference  is  in  harmony  with  facts  derived  from  ob- 
servations of  a different  kind)  that  every  single  nerve-fibre  entering  into  the 
formation  of  the  trunk  of  a spinal  nerve,  or  single  fibre  passing  from  a 
ganglion,  really  consists  of  several  fibres  coming  from  different  and  probably  ^ 
very  distant  parts.  In  other  words,  I am  led  to  suppose  that  a single  dark- 
bordered  fibre,  or  rather  its  axis-cylinder,  is  the  common  channel  for  the 
passage  of  many  different  nerve-currents  having  different  destinations.  It  is 


Fig.  4. 


Diagram  to  show  the  coui-se  of  the  fibres  which  leave  the  caudate  nerve-cells,  w,  a 
are  parts  of  two  nerve-cells,  and  two  entire  cells  are  also  represented.  Fibres 
from  several  different  cells  unite  to  form  single  nerve-fibres,  b,  b,  b.  In  passing  towards 
the  periphery  these  fibres  divide  and  subdivide;  the  resulting  subdivisions  pass  to  dd-  ^ 
ferent  destinations.  The  fine  fibres  residting  from  the  subdivision  of  one  of  tlie  caudate  g 
processes  of  a neiwe-cell  may  help  to  form  a vast  number  of  dark-bordered  nerves,  bu  -fl 
it  is  most  certam  that  no  single  process  ever  forms  one  entire  axis- cylinder. 

common  to  a portion  of  a great  many  different  circuits.  The  fibres  which 
result  from  the  subdivision  of  the  large  fibre  which  leaves  the  cell  become 
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exceedingly  fine  (the  of  an  inch  in  diameter  or  less),  and  pursue  a 

very  long  course  before  they  run  parallel  with  other  fibres.  As  the  fibres 
which  have  the  same  destination  increase  in  number,  the  compound  trunk 
becomes  gradually  thicker  and  more  distinct.  The  several  individual  fibres 
, coalesce  and  form  one  trunk,  or  axis-.cylinder,  around  which  the  protective 
white  substance  of  Schwann  collects.'  At  the  periphery  the  subdivision  of 
: the  dark-bordered  fibre  again  occurs,  until  peripheral  fibres  as  fine  as  the 
central  component  fibres  result*. 

Although  it  may  be  premature  to  devise  diagrams  of  the  actual  arrange- 
ment, if  I permit  myself  to  attempt  this,  I shall  be  able  to  express  the  in- 
ferences to  which  I have  been  led  up  to  the  present  time  in  a far  more 
intelligible  manner  than  I could  by  description.  But  I only  olfer  these 
schemes  as  rough  suggestions,  and  feel  sure  that  further  observation  will 
enable  me  to  modify  them  and  render  them  more  exact.  The  fibres  would 
in  nature  be  infinitely  longer  than  represented  in  the  diagrams.  The  cell 
below  c (fig.  5)  may  be  one  of  the  caudate  nerve-cells  in  the  anterior  root 
of  a spinal  nerve,  that  above  b one  of  the  cells  of  the  ganglion  upon  the 

Fig.  5. 


c 


Diagram  to  sliow  possible  relation  of  fibres  from  caudate  nerve-cells,  and  fibres  from 
cells  in  ganglia,  as,  for  example,  the  ganglia  on  tlio  posterior  roots,  a is  supposed  to 
bo  the  periphery  ; the  cell  above  h one  of  those  in  the  ganglion.  Tlie  three  caudate 
cells  resemble  those  in  the  grey  matter  of  the  cord,  medulla  oblongata,  and  brain. 


* “ General  Observations  upon  the  Pcriplicral  Distribution  of  Nerves,”  my  ‘Archives,’ 
iii.  p.  234'.  “ Distribution  of  Nerves  to  the  Bladder  of  the  Frog,”  p.  243.  “ Distribution 
of  Nerves  to  the  Mucous  Membrane  of  the  Epiglottis  of  the  Human  subject,”  p.  249. 
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posterior  root,  and  a the  periphery.  I will  not  attempt  to  describe  the 
course  of  these  fibres  until  many  different  observations  upon  which  1 am 
now  engaged  are  further  advanced,  but  I have  already  demonstrated  the 
passage  of  the  fibres  from  the  ganglion-cell  into  the  dark-bordered  fibres 
as  represented  in  the  diagram. 

The  peculiar  appearance  I have  demonstrated  in  the  large  caudate  cells, 
taken  in  connexion  with  the  fact  urged  by  me  in  several  papers,  that  no 
true  termination  or  commencement  has  yet  been  demonstrated  in  the  case 
of  any  nerve,  seems  to  me  to  favour  the  conclusion  that  the  action  of  a 
nervous  apparatus  results  from  varying  intensities  of  continuous  currents 
which  are  constantly  passing  along  the  nerves  during  life,  rather  than  from 
the  sudden  interruption  or  completion  of  nerve-currents.  So  far  from  any 
arrangement  having  been  demonstrated  in  connexion  with  any  nervous 
structure  which  would  permit  the  sudden  interruption  and  completion  of  a 
current,  anatomical  observation  demonstrates  the  structural  continuity  of 
all  nerve-fibres  with  nerve-cells,  and,  indirectly  through  these  cells,  with 
one  another. 

I venture  to  conclude  that  the  typical  anatomical  arrangement  of  a ner- 
vous mechanism  is  not  a cord  with  two  ends — a ■point  of  origin  and  a 
terminal  extremity,  but  a cord  without  an  end — a continuous  circuit. 

The  peculiar  structure  of  the  caudate  nerve-cells,  which  I have  described, 
renders  it,  I think,  very  improbable  that  these  cells  are  sources  of  nervous 
power,  while,  on  the  other  hand,  the  structure,  mode  of  growth,  and  indeed 
the  whole  life-history  of  the  rounded  ganglion-cells  render  it  very  pro- 
bable that  they  perform  such  an  office.  These  two  distinct  classes  of 
nerve-cells,  in  connexion  with  the  nervous  system,  which  are  very  closely 
related,  and  probably,  through  nerve-fibres,  structurally  continuous,  seem 
to  perform  very  different  functions, — the  one  originating  currents,  while  the 
other  is  concerned  more  particularly  with  the  distribution  of  these,  and  of 
secondary  currents  induced  by  them,  in  very  many  different  directions.  A 
current  originating  in  a ganglion-cell  would  probably  give  rise  to  many 
induced  currents  as  it  traversed  a caudate  nerve-cell.  It  seems  probable 
that  nerve-currents  emanating  from  the  rounded  ganglion-cells  may  be 
constantly  traversing  the  innumerable  circuits  in  every  part  of  the  nervous 
system,  and  that  nervous  actions  are  due  to  a disturbance,  perhaps  a varia- 
tion in  the  intensity  of  the  currents,  which  must  immediately  result  from 
the  slightest  change  occurring  in  any  part  of  the  nerve-fibre,  as  well  as 
from  any  physical  or  chemical  alteration  taking  place  in  the  nerve-centres, 
or  in  peripheral  nervous  organs. 


NEW  OBSERVATIONS 


UPON  THE 

MINUTE  ANATOMY  OF  THE  PAPILLAE 

OF  THE 

FROG’S  TONGUE. 

(Abstract.) 

After  alluding  to  the  observations  of  Axel  Key,  whose  results  accord 
•.with  his  own  more  closely  than  those  of  any  other  observer,  the  author 
rrefers  particularly  to  the  drawings  of  Hartmann,  the  latest  writer  upon  the 
sstructure  of  the  papillae.  According  to  the  author.  Dr.  Hartmann,  owing 
tto  the  defective  method  of  preparation  he  employed,  has  failed  to  observe 
{points  which  had  been  seen  by  others  who  had  written  befoi’e  him,  and 
"which  may  now  be  most  positively  demonstrated.  Hartmann’s  process 
(•consisted  in  soaking  the  tissue  for  three  days  in  solution  of  bichromate  of 
|)potash,  and  afterwards  adding  solution  of  caustic  soda.  It  can  be  shown 
l)jy  experiment  that  many  structures  which  can  be  most  clearly  demon- 
jijtrated  by'other  modes  of  investigation,  are  rendered  quite  invisible  by  this 
orocess.  Hartmann’s  observations,  like  those  of  the  author,  have  been 
made  upon  the  papillae  of  the  tongue  of  the  little  green  tree-frog  {Hyla 
TV'borea). 

With  reference  to  the  termination  of  the  nerves  in  the  fungiform  papillae 
) »f  the  tongue  of  the  Hyla,  the  author  describes  a plexus  of  very  fine  nerve- 

Iibres,  with  nuclei,  which  has  not  been  demonstrated  before.  Fibres  re- 
ulting  from  the  division  of  the  dark-bordered  fibres  in  the  axis  of  the 
)apilla  can  be  traced  directly  into  this  plexus.  From  its  upper  part  fine 
iibres,  which  interlace  with  one  another  in  the  most  intricate  manner, 
orming  a layer  which  appears  perfectly  granular,  except  under  a power 
t f 1000  or  higher,  may  be  traced  into  the  hemispheroidal  mass  of  epithe- 
um-like  cells  which  surmounts  the  summit  of  the  papilla.  This  hemi- 
■ pheroidal  mass  belongs  not  to  epithelial,  but  to  the  nervous  tissues.  It 
idheres  to  the  papilla  after  every  epithelial  cell  has  been  removed;  the 
o-called  cells  of  which  the  entire  mass  consists  cannot  be  separated  from 

Ine  another  like  epithelial  cells ; fibres  exactly  resembling  nerve-fibres 
an  olten  be  seen  between  them ; and  very  fine  nerve-fibres  may  be  traced 
ito  the  mass  from  the  bundle  of  nerves  in  the  papilla. 

Tbe  fine  nerve-fibres  which  are  distributed  to  the  simple  paj)ill8e  of  the 
)iigue,  around  the  capillary  vessels,  and  to  the  muscular  fibres  of  these 
ingiform  papillae,  come  off  from  the  very  same  trunk  as  that  from  which 
he  hvmUe  of  j)urely  sensitive  fibres  which  terminate  in  the  papillce  are 
erived.  The  fine  nucleated  nerve-fibres  of  the  capillaries  which  the  .author 
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has  demonstrated  have  been  traced  into  undoubted  nerve- trunks  in  many 
instanceSj  so  that  it  is  quite  certain  that  many  of  the  nuclei  which  have 
been  considered  to  belong  to  the  connective  tissue  (connective-tissue  cor- 
puscles) are  really  the  nuclei  of  fine  nerve-fibres  not  to  be  demonstrated 
by  the  processes  of  investigation  usually  followed*.  These  nerve-fibres  in 
the  connective  tissue  around  the  capillaries  are  considered  by  the  author  to 
be  the  aflFerent  fibres  of  the  nerve-centres  of  which  the  efferent  branches 
are  those  distributed  to  the  muscular  coat  of  the  small  arteries. 

The  author’s  observations  upon  the  tissues  of  the  frog  convince  him  that 
the  nervous  tissue  is  distinct  in  every  part  of  the  body  from  other  special 
tissues.  For  example,  he  holds  that  nerve-fibres  never  pass  by  continuity 
of  tissue  into  the  ' nuclei’  (germinal  matter)  of  muscular  fibres,  or  into  those 
of  tendon,  of  the  cornea,  or  of  epithelium.  He  advances  arguments  to 
show  that  the  epithelium-like  tissue  upon  the  summit  of  the  papilla  is  not 
epithelium  at  all,  but  belongs  to  the  nervous  tissues.  Hence  it  follows 
that  nerves  do  not  influence  any  tissues  by  reason  of  continuity  of  tissue, 
but  solely  by  the  nerve-currents  which  pass  along  themf. 

The  author  states  that  the  so-called  ‘ nuclei  ’ (germinal  matter)  of  the 
fine  muscular  fibres  of  the  papillae  are  continuous’  with  the  contractile 
material,  as  may  be  demonstrated  by  a magnifying  power  of  1 800  linear; 
and  he  holds  the  opinion  that  the  contractile  matter  is  formed  from  the 
nuclei.  He  adduces  observations  which  lead  him  to  the  conclusion  that 
these  nuclei  alter  their  position  during  life,  and  that,  as  they  move  in  one 
or  other  direction,  a narrow  line  of  new  muscular  tissue  (fibrilla)  is  as  it 
were  left  behind  i.  This  is  added  to  the  muscular  tissue  already  formed, 
and  thus  the  muscle  increases. 

* See  “ On  the  Structure  and  Formation  of  the  so-called  Apolar,  Unipolar,  and  Bi- 
polar Nerve-cells  of  the  Frog,”  Phil.  Trans.  1863,  plate  40.  fig.  44. 

t The  author  feels  sure  that  the  conclusions  of  Kilhne,  who  maintains  that  the  axis 
cylinder  of  a nerve-fibre  is  actually  continuous  with  the  ‘ protoplasm  ’ (germinal  matter) 
of  the  corneal  corpuscle,  result  from  errors  of  observation.  The  prolongations  of  tlie 
corneal  corpuscles,  on  the  contrary,  pass  over  or  under  the  finest  nerve-fibres,  but  are 
never  continuous  with  them,  as  may  be  distinctly  proved  by  examining  properly  pre- 
pared specimens  under  very  high  magnifying  powers  (1000  to  .'3000  linear).  The 
corneal  tissue  results  from  changes  occurring  in  one  kind  of  germinal  matter — the 
nerve-fibres  disti’ibuted  to  tlie  corneal  tissue  from  changes  occiu'ring  in  another  kind  of 
germinal  matter.  If  tlie  connexion  is  as  Kiihne  lias  described,  a ‘ nucleus  ’ or  mass  of 
germinal  matter  w^ould  be  producing  nervous  tissue  in  one  part  and  corneal  tissue  in 
another  part;  and  since  it  has  been  shown  that  the ‘nuclei’  of  the  corneal  tissue  are 
continuous  with  the  corneal  tissue  itself,  the  nerve-fibres  must  be  continuous,  through 
the  nuclei,  with  the  corneal  tissue  itself ; and  if  with  corneal  tissue,  probably  with  every 
other  tissue  of  the  body.  But  such  a view  is  opposed  to  many  broad  facts,  and  not 
supported  by  minute  observ'ation.  The  nuclei  of  the  nerve-fibres  arc  one  thing,  the 
nuclei  of  the  corneal  tissue  another;  and  the  tissues  resulting  from  these  nuclei,  nerve- 
tissuc,  and  corneal  tissue  are  distinct  in  chemical  composition,  microscopical  characters,  . 
and  properties  and  actions. 

I “ New  Observations  upon  the  Movements  of  the  Living  or  Germinal  Matter  of 
the  Tissues  of  Man  and  the  higher  Animals,”  Archives,  No.  XIV.  p.  loO. 
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Lar^e  candato  nerve  cell,  with  emaller  cells  and  nerve  fibres,  from  a thin  transvorBO  flection  of  the  lower 
part  of  the  ftrey  matter  of  the  medulla  oblongata  of  a young  dog.  Iho  spocimon  had  been  soaked  for 
loorie  weeks  in  acetic  acid  and  glycerine.  Iho  lines  of  dark  granules  resulting  from  the  action  of  the  acid 
arc  seen  palling  through  the  very  substance  of  the  cell  in  very  definite  airectiona.  Ihus  Uie  cell  i« 
the  point  where  lines  froni  several  distant  parts  intersect  {Diagram.  F‘’ig  2).  It  is  probable  that  each 
of  these  lines  is  but  a portion  of  a completo  circuit  (see  Diagram  in  Fig.  3).  A.  A.  A,  largo  fibres  which 
leave  the  coll.  B.  a fibre  from  another  cell,  dividing  into  finer  fibres,  oxhibibng  several  linos  of  granules. 
O.C.  C,  fibres  from  a younger  caudate  nerve  vesicle.  D,  fine  and  flattened  dark-bordered  fibres.  E,  three 
fine  nerve  fibres  runziing  together  in  a matrix  of  connective  tissue.  F,  F,  F,  capillary  vessels. 
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